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(57) Abstract 

Expandable tubing, as utilised in downhole applications in the oil and gas exploration and extraction industries, comprises tubing 
having a multiplicity of overlapping longitudinally extending slots (20). the slots being wider at one or both end portions. Conveniently, 
the slot ends are widened by the provision of short transverse slots (22), to provide the slots with a "dog bone" appearance. 
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EXPANDABLE TUBING 

This invention relates to expandable tubing comprising 
tubing have a multiplicity of overlapping longitudinally 
extending slots therein. In particular, but not 

exclusively, the invention relates to expandable tubing as 
5 utilised in downhole applications in the oil and gas 

exploration and extraction industries, such as the tubing 
sold under the EST trademark by the applicants. 

WO93\25800 {Shell Internationale Research) discloses 
a tubing comprising lengths of tube which have been 

10 machined to create a large number of overlapping 

longitudinal slots . The tube may be expanded radially 
outwardly by running a mandrel through the tubing. 

The magnitude of the force necessary to expand the 
tubing is related to the number of slots in the tubing, 

15 that is the fewer the number of slots the greater the 

expanding force. Further, expandable tubing provided with 
relatively few slots is more prone to fracture and 
catastrophic failure of the tubing during expansion. 
However, forming a large number of slots in a section of 

20 tubing weakens the tubing and renders the tubing more 

susceptible to damage during handling and running into the 
borehole . 

It is among the objectives of embodiments of the 
present invention to obviate or mitigate these 
25 difficulties. 

According to che present invention there is provided 
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expandable tubing comprising tubing having a multiplicity 
of overlapping longitudinally extending slots therein, at 
least some of the slots being wider at one or both slot end 
portions. 

5 Surprisingly, it has been found that increasing the 

width of the slot ends, without increasing the width of the 
remainder of the slot, reduces the force required to expand 
the tubing without reducing the strength of the tubing to 
any significant degree. Without wishing to be bound by 
10 theory, it is believed that the force necessary to expand 

a section of tubing is a function of the width of the 
"finger" between adjacent overlapping slots; by enlarging 
the slot ends, the effective width of the finger is reduced 
to the circumferential spacing between the adjacent 
15 enlarged slot ends. 

Preferably, each slot is wider at both ends. 
Preferably also, a majority of the slots in the tubing 
are wider at one or both end portions. 

Preferably also, the wider slot end portions are 
20 symmetrical about the respective longitudinal slot axis. 

Conveniently, the slot end portions are widened by 
provision of transverse slots at the slot ends, although 
other slot or recess forms, such as round holes, at or 
adjacent the slot ends, may be utilised. Such widening of 
25 the slot ends provides slots with a "dog bone" appearance. 

As used herein, the term slot is intended to encompass 
any cutting, machining or weakening of the tubing intended 
to facilitate radial expansion, including slots which 
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extend only partially through the tubing and which permit 
the remaining thinned sections to fracture or extend. 

This and other aspects of the present invention will 
now be described, by way of example, with reference to the 
5 • accompanying drawings, in which: 

Figure 1 is a sectional view of a length of prior art 
expandable tubing, shown in an expanded configuration; 

Figure 2 is a sectional view on line 2 - 2 of Figure 
1 and also shows the prior art tubing in unexpanded 
10 configuration; and 

Figure 3 is a view of a portion of the wall of 
expandable tubing in accordance with a preferred embodiment 
of the present invention. 

Reference is first made to Figures 1 and 2 of the 
15 drawings, which illustrate a length of conventional 

expandable slotted tubing 10. In its initially unexpanded 
configuration, the tubing 10 is simply a length of pipe in 
which a series of longitudinal slots 12 have been machined 
(shown as tube 10a with slots 12a in Figure 2) . Applying 
20 radially outward force to the tubing wall, for example by 

passing a mandrel through the tubing, causes the tube to 
expand such that the slots 12a become diamond- shaped 
openings 12b, as described in. WO93\25800 . 

Reference is now made to Figure 3 of the drawings, 
25 which illustrates a section of tubing wall in accordance 

with a preferred embodiment of the present invention. The 
tubing wall defines a series of longitudinal slots 20, each 
having shorter transverse slots 22 at the ends thereof. In 
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this particular example the slots 20 are 115 mm long, 
whereas the transverse slots 22 are 8 mm long. The area of 
tubing between adjacent overlapping slots is known as a 
finger 24, whereas the areas between the ends of aligned 
slots 20, which areas are generally subject to negligible 
deformation during expansion, are known as nodes 26. 

Testing has revealed that the magnitude of force 
necessary to expand a section of tubing is related to the 
width of the fingers 24 between the overlapping slot ends. 
In the example illustrated in Figure 3, if the transverse 
slots 22 were not provided, the finger width between the 
slots 20 would be 11 mm. However, the provision of the 
transverse slots 22 reduces the effective width of the 
fingers 24 to only 4 mm, substantially reducing the 
magnitude of force which is necessary to expand the tubing. 
Surprisingly, it has been found that providing such 
transverse slots does not result in a significant decrease 
in the strength of the slotted tubing. 

It will be clear to those of skill in the art that the 
above-described embodiment is merely exemplary of the 
present invention, and that modifications and improvements 
may be made thereto without departing from the scope of the 
invention . 
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CLAIMS 



1. Expandable tubing comprising tubing having a" 
multiplicity of overlapping longitudinally extending slots 
therein, at least some of the slots being wider at one or 

5 both slot end portions. 

2. The tubing of claim 1, wherein each slot is wider at 
both ends . 

3. The tubing of claim 1 or 2 , wherein a majority of the 
slots in the tubing are wider at least one end portion. 

10 4. The tubing of claim 1, 2 or 3 , wherein the wider slot 

end portions are symmetrical about the respective 
longitudinal slot axis . 

5. The tubing of any of the preceding claims wherein the 
wider slot end portions include transverse slots at the 
15 slot ends. 



WO 98/26152 



PCT/GB97/D3450 



1/2 




L-2 

F I G. 1 



(PRIOR ART) 




Fl G.2 

(PRIOR ART) 



SUBSTITUTE SHEET (RULE 26) 



WO 98/26152 



PCT/GB97/03450 



2/2 




CO 

6 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Intern* *J Application No 



PCT/GB 97/03450 



A. CLASSUICATIO N OP SUIJJIXT MATTER 

E 21 B 17/08 



Acoonint to lntcm«oon*J l>»tcm Oasaltcabon fll'C) or to both nauonal clAtnTicJUoo and IPC 



II. HP.IJ)S Sf-AitCIII:t) 


Minimum documentation searched (dusifici 


t*on system lotto 


wed by danucatroa symbols) 




E 21 B , F 16 L 









Documentation searched other than mnmum documentation to the extent that such documents are included tn the folds searched 



Electronic data base consulted during the* irurmiaonai search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 4349050 A 

(BERGSTROM et al . ) 

14 September 1982 (14.09.82) , 

fig. 2. claims. 

WO 96/37681 Al 

(PETR0LINE WIRELINE SERVICES 
LIMITED) 28 November 1996 

(28.11.96) , 

the whole document. 

US 2633374 A 

(BOICE) 31 March 1953 

(31.03.53) . 

the whole document. 



1-4 



□ 



Further documents arc listed tn the continuation of box C 



□ 



Patent family members are listed in annex. 



' Specs al categories of cited documents : 

A' document defining the general state of the art which is not 

considered to be of particular relevance 
'If earlier document but published on or after the imcrnatsonal 

filing date 

X* document which may throw doubu on priority clatmfs) or 
which it a ted to establish the publication date of another 
citaoon or other ipeciai reason (as specified) 

'0' document referring to an oral dicdosurc, use, exhibition or 
other means 

P* document published pnor to the international filing date but 
later than the pnonty date claimed 



T later document published after the tntemaoonal filing date 
or priority dale and not in conflict with the application but 
cited to understand the principle or theory underlying die 
invention 

*X* document of particular relevance; the claimed invention 
cannot be considered novd or cannot be considered to 
involve an mvemive step when the document is taken alone 
Y* document of parocular relevance; the claimed invention 
cannot be considered to involve an invenuve step when the 
document 11 combined with one or more other tuch docu 
mcnts. such corobuuraon being obvious to a person dolled 
tn the art. 

document member of the same patent family 



Date of the actual completion of the international search 

20 March 1998 



Date of muling of the intern auona I search report 

17.04.98 



Name and mailing address of the ISA 

European Patent Office, P.O. 58 15 Patentlaan 2 
NL 138DIIV Ripw^k 
Tel. ( - JI-70) 3*0-2040. T*. 31 651 cpo ru. 
Paxr(*}|.70) 340-3016 



Authorized officer 



WANKMULLER e.h. 



Form PCT.1SA'21I (iecor.« <h«<) (j«»y tm) 



ANHANG 

2ua international en Recherchen- 
berlcht Ober die Internationale 
Paten tanaeldung Nr. 



ANNEX 

to the International Search 
Report to the International 
Application No. 



Patent 



ANNEXE 

au rapport de recherche inter* 
national relatif a la deunde de 
international n* 



PCT/QB 97/03450 SAE 179001 



in diesea Mhano sind die Kitglieder 
der Patentfatilien der ia obenge- 



This Annex lists the patent family 
■eaters relating to the patent oocub 
nam ten Interna tionalen Ibxherchenbericht cited In the abfive-«nttoned_ tnter- 



anaefOhrten Paten tdokutente angegeben. 
Diese Angaben dienen nur rur Ihter- 
rlditung und erfolgen ohne 6ewhr. 



national search report* The Office is 
in no way liable for these particulars 
which are given nerely for the purpose 
of information. 



Upresente, annexe, indiaue ies 
■eeores de la fasille de brevets 
relatifs aux documents de brevets cites 
dans le rapport de recherche inter- 
national vises ci-dessus. Les reseigne- 
aents founds sont domes a titre i&ica- 
tif ft n'enoaKjent pas la responsibillte 
de 1 Office. 



1» Recherchenbericht 
angeffihrtes Patentdokuaent 
Patent docuaent cited 
In search report 
Docuaent de brevet cite 
dans le rapport de recherche 


Datum der 

Veroffentiichung 
Publication 
date 
Date de 
publication 


Hi tailed fer) der 
Palentfaaiile 
Patent family 
aeaberts) 
fembre(s> de la 
fast lie de brevets 


Datua der 

Verfiffentlichunq 
Publication 

date 
Date de 
publication 


US A 4349050 


14-09-62 


keine - none - 


r ien 



WO Al 9637681 



29-11-96 



AU Ai 
AU Al 
EP Al 
EP Al 
6B AO 
NO AO 
NO AO 
WO Al 



58265/96 

828918 
9510465 
97534B 
975350 
9637680 



11-12-96 
1 1-12-96 
25-02-98 

18- 03-98 

19- 07-95 
21-11-97 
21-11-97 
28-11-96 



US A 2633374 



keine - none - rien 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



